Purpose: The importance of improved physical function as a primary outcome in the treatment of chronic pain is widely accepted. There have been limited attempts to assess the effects mindfulness skills training (MST) has on objective outcomes in chronic pain care. Methods: This systematic review evaluated published reports of original randomized controlled trials that described physical function outcomes after MST in the chronic pain population and met methodological quality according to a list of predefined criteria. PRISMA criteria were used to identify and select studies, and assess their eligibility for inclusion. The established guidelines for best practice of systematic reviews were followed to report the results. Results: Of the 2,818 articles identified from the original search of four electronic databases, inclusionary criteria were met by 15 studies published as of August 10, 2015, totaling 1,199 patients. All included studies used self-report measures of physical function, and only two studies also employed performance-based measures of function. There were wide variations in how physical function was conceptualized and measured. Although the quality of the studies was rated as high, there was inconclusive evidence for improvement in physical function assessed by self-report due to contradiction in individual study findings and the measures used to assess function. Strong evidence for lack of improvement in physical function assessed via performance-based measures was found. Conclusion: This review draws attention to the importance of having a unified approach to how physical function is conceptualized and assessed, as well as the importance of using quality performance-based measures in addition to subjective self-reports that appropriately assess the physical function construct within MSTs for chronic pain.
Introduction
Pain is a complex and multidimensional construct, and evidence supporting the biopsychosocial model indicates that psychological factors are unique determinants of the pain experience, above and beyond medical diagnosis. 1, 2 For example, for many chronic pain conditions, tissue damage is often uncorrelated with self-reported disability and pain intensity. 3 Conversely, psychosocial factors, such as pain-related fear, have consistently been associated with pain intensity, disability, and the worsening of chronic pain over time. 4 Researchers and clinicians have also come to recognize that achieving pain relief may be less important than improving physical functioning as a means of reducing health care costs and utilization and improving productivity and quality of life among pain patients. 3, 5 Thus, over the last decade, and in an effort to improve long-term chronic pain outcomes, psychosocial treatments have evolved toward acceptance of pain and increased function regardless of reported pain intensity. These interventions show durability in follow-up assessments and target key outcome variables with greater patient satisfaction. [6] [7] [8] Cognitive behavioral approaches to pain treatment are efficacious in the treatment of chronic pain, producing shortterm improvements in reported pain intensity and disability (small effect sizes), mood and pain catastrophizing with moderate effect sizes. 9 Although psychosocial approaches to pain care have had an effect on key outcomes including physical functioning, a limitation of cognitive behavioral approaches has been that effects on pain and physical functioning tend to dissipate within 6-12 months after treatment concludes. 10 More recently, acceptance and mindfulness-based interventions have been developed for the treatment of chronic pain. A primary goal of these interventions, including Acceptance and Commitment Therapy and Mindfulness Based Stress Reduction (MBSR), is to cultivate the patient's ability to accept and observe experiences in the present moment (eg, pain) in a nonjudgmental manner (eg, without reactive cognitions and resulting negative affect). As such, acceptance and mindfulness-based interventions focus on improving overall well-being and psychological outcomes through developing accepting and stable, nonreactive states of mind. 7, 8, 11, 12 Although mindfulness-based interventions show considerable promise for the treatment of chronic pain, to our knowledge, no systematic reviews have sought to address the effects of MST on physical functioning. This represents an important gap in the literature for several reasons. First, the IMMPACT has identified physical function as a necessary outcome in clinical trials involving chronic pain. 13 This is consistent with the growing emphasis on improving function and reducing pain-related disability rather than focusing solely on pain reduction as a primary treatment target. Second, prior reviews of psychosocial pain interventions have tended to focus on psychological outcomes or general health outcomes, neglecting a detailed analysis of physical function.
14 Indeed, the construct of physical function is multidimensional and includes both objective (eg, impairment in range of motion) and subjective (eg, self-reported disability) measures of functioning. 15 Although researchers tend to rely on subjective, self-report measures of physical function, there is evidence to suggest that objective measures (eg, accelerometer tracking) have the potential to more accurately capture physical activity and performance. 16 Therefore, a systematic review that examines the effects of MSTs on both self-report and objective measures of physical function is needed to advance the field and inform future intervention development.
The purpose of this systematic review was to identify the effects of MSTs on physical functioning using findings derived from RCTs conducted among persons with chronic pain. This review also aimed to summarize the instruments used to assess physical function in the current literature and reveal the suspected lack of objective or performance-based measures of physical function compared to the more commonly used self-report measures.
The range of studies included in this systematic review was initially limited to those conducted before 2016. Since the original search, there has been no adaptation of performancebased measures used in the chronic pain literature. A brief review of current studies revealed that the data discovered in the original search has maintained its relevance. To address the limitations of the original search and highlight the continued lack of adaptation to a more comprehensive assessment of physical function, the results of a representative number of recent systematic reviews performed after the original search have been summarized.
Methods
We followed the PRISMA criteria 17, 18 to identify and select studies, and assess their eligibility for inclusion in this systematic review. We followed recommendations for establishing best practice evidence in chronic pain systematic reviews 18 to report the results.
Search strategy
Reports of original research studies investigating the effects of MSTs on physical function in the chronic pain population were identified for the review. Articles published in peer-reviewed journals as of August 10, 2015 were identified via searches of four electronic databases (ie, PubMed, PsychINFO, EMBASE, and Web of Science). Two health science librarians with expertise in complex electronic database searches were consulted to develop a comprehensive search for individual databases, and complete search criteria are available on request. A total of 2,818 study abstracts were initially retrieved. A total of 706 duplicate records were identified, resulting in the removal of 353 study records in order to retain each study only once. One study was eliminated because no abstract was available, resulting in 2,464 studies that were screened by abstract for selection criteria.
inclusion/exclusion criteria
Inclusion and exclusion criteria were determined a priori by the study authors. Studies were required to report results of an RCT of an MST vs a control intervention. Inclusion criteria 
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Physical functioning, mindfulness and chronic pain for MSTs were that 1) the intervention lasted at least 4 weeks; 2) the intervention provided MST in which regular mindfulness practice was expected (eg, MBSR, mindfulness-based cognitive therapy); 3) participants were at least 18 years of age; and 4) participants had chronic non-cancer pain. Studies were excluded if they did not report at least one measure of physical function pre-and post-intervention.
Study selection
The study selection process is presented in Figure 1 . Abstracts were evaluated independently for eligibility by two reviewers who are authors on the paper (WJ and AM), and disagreements were resolved upon discussion (κ=0.93). Because many studies could have been excluded for more than one reason, a hierarchy of exclusion criteria was used to enhance interrater reliability. Studies were excluded by predefined population, intervention, outcome, study design, and other criteria (ie, systematic reviews, commentary, etc Full-text articles excluded N=43 
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Physical functioning, mindfulness and chronic pain tion. Complete study characteristics are presented in Table  1 . Methodological quality was assessed with a standardized 10-item checklist using previously established criteria for systematic reviews, 19, 20 which were modified by the authors for the chronic pain population. Complete criteria for quality assessment are presented in Table 2 . Each criterion was worth 1 point if fulfilled. Each criterion that was not fulfilled or sufficiently addressed in the manuscript was awarded 0 point. A total quality score was generated by summing the number of points awarded and dividing by 10. The maximum score was 100%. Studies that scored 70% or more were considered to be of "high quality", studies that scored 50% or 60% were considered to be of "moderate quality", and studies that scored 40% or below were considered to be of "low quality". Findings regarding functional assessment and outcomes were summarized according to level of evidence. 19 Consistent with previously determined criteria, 21 and prior systematic reviews, 22 ,23 level of evidence is considered "strong" when findings are consistent in at least two high-quality studies. The level of evidence is considered "moderate" if findings are consistent in one high-quality study and at least one moderate-or low-quality study. The level of evidence is considered "weak" if findings are present in one high-quality study or at least three or more low-quality studies and "inconclusive" if findings are inconsistent or less than three low-quality studies are available.
Results

Characteristics of included studies
A total of 15 studies were included (Table 1 ). All studies were RCTs published between 1994 and 2015. Studies were conducted in several countries including 10 in the USA, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] one in the UK, 34 two in Denmark, 35, 36 one in Germany, 37 and one in Norway. 38 Of the 15 studies, five included participants with fibromyalgia, 24, 25, 28, 32, 37 two included participants with mixed "chronic pain", 27, 36 three included participants with chronic back pain, 26, 29, 30 two included participants with unspecified chronic musculoskeletal pain, 31, 34 one included participants with chronic migraine, 33 one included participants with somatization and functional somatic disorders, 35 and one included participants with inflammatory rheumatic joint disease. 38 Sample sizes varied considerably across studies such that the smallest sample size was 19 33 and the largest was 177. 37 Nearly half (K=7) of the studies compared a mindfulnessbased intervention to a waitlist control, [25] [26] [27] [28] [29] 32, 36 two studies utilized a TAU control condition, 33, 34 three studies utilized a three-arm design with an active control condition (eg, mas- 
Quality of included studies
All studies included were considered to be of high quality, with scores of 100% (one study), 29 90% (four studies), 24, 30, 33, 37 80% (eight studies), 25, 26, 28, 32, [34] [35] [36] 38 and 70% (two studies).
27,31
Examination of individual criteria indicated that only two studies 24,29 included both performance-based and self-report measures of physical functioning, whereas all remaining studies (K=13) included only subjective physical function measures (criterion G). Although most studies addressed some aspect of patient demographics (criterion A), two studies did not do so. 25, 34 Four of the included studies did not reach a participation response rate of 75% or above (criterion E). 24, 26, 27 Three studies did not report differences between responders and nonresponders (criterion F).
31-33
Use of self-report measures of physical functioning All 15 studies had at least one measure of self-reported physical function. The most frequently utilized self-report measures of physical function were derived from three versions of the Short-Form Health Survey, which was designed to assess general health-related quality of life and has been validated for use across broad populations. 39 The 36-item measure (SF-36) yields a PCS, which comprises 21 items that assess role limitations due to physical problems, energy/ fatigue, bodily pain, and general health perceptions, [39] [40] [41] and a PFS, which comprises 10 items that assess limitations in physical function. 39 The 12-item abbreviated measure (SF-12) also yields a PCS, which assess abilities to accomplish activities of daily living. Five studies used the SF-36 (PCS), 27, 29, [34] [35] [36] one study used the SF-36 (PFS), 29 and one study used the SF-12 (PCS). 31 Whereas the SF-36 and SF-12 are generic measures that can be utilized across populations with various diseases or conditions, several studies used disease-specific measures to assess the impact of a specific disease on participants' physical functioning. Four studies assessed physical functioning among participants with fibromyalgia using either the FIQ total score 28, 37 or the PFS score. 25, 32 The RMDQ was used in three studies 26, 29, 30 to assess limitations in physical functioning related to low back pain. 42 Finally, the Migraine Disability Assessment 43 was used in one study 33 to assess limitations in physical functioning due to migraines. Although IMMPACT guidelines recommend use of both generic and disease-specific measures, only two studies used both a generic measure and a disease-specific measure.
24,30
Use of performance-based measures of physical functioning
Only two studies assessed physical function using performance-based measures. 24, 29 Specifically, one study utilized the 6MWT, 24 which measures the maximum distance a patient can walk during a 6-minute interval and has been validated for use across broad populations. [44] [45] [46] [47] The other study that included a performance-based measure utilized the SPPB, 29 which assesses patients' standing balance, gait speed, and ability to rise from a chair. The test can be reliably performed by a trained lay observer and takes approximately 10-15 minutes to administer. 48 
Description of MST interventions
The majority of studies (11/15) tested the MBSR [25] [26] [27] [29] [30] [31] [32] [33] [35] [36] [37] intervention. Ten of the MBSR studies utilized eight sessions, 25 ,26,29-33,35-37 while one 27 was conducted over 12 sessions. MBSR defines the practice of mindfulness as "the awareness that emerges through paying attention on purpose, in the present moment, and nonjudgmentally to the unfolding Patients and/or their parents signed an informed consent prior to study participation, and this was explicitly stated in the manuscript J Selection of participants is adequately described
Notes:
The studies that have met inclusion criteria for this systematic review were assessed for quality using the above criteria. A study that meets criteria for a particular category was given 1 point with 10 points (100%) being the maximum score. This quality assessment was Adapted by permission from Springer Nature Customer Service Centre 
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Physical functioning, mindfulness and chronic pain of experience moment by moment". 49 When applied to the treatment of chronic pain conditions, MBSR teaches skills for acceptance of pain sensations and pain-related thoughts. 8 MBSR is traditionally delivered in groups, and includes 30 hours of in-session experiential learning, including sitting meditation and mindfulness movement with intensive meditation practice between group sessions (at least 45 minutes per day, 6 days per week). 50 One study 24 utilized MBSR + Qigong, which is an ancient Chinese practice of performing gentle, non-aerobic movements with mindfulness. One study 28 utilized an SR-CBT program modeled after the MBSR curriculum with ten 2-hour education and practice sessions and 40 minutes of daily home meditation practice. 28 One study 38 utilized a mindfulness-based pain management group intervention, the VTP, consisting of a 11-session mindfulness-based curriculum that required participants to practice mindfulness-based meditations between sessions.
effect of MST on self-reported physical functioning
Five studies demonstrated greater improvement in selfreported physical functioning among participants who received an MST vs control. 26, 28, 29, 33, 38 Three of the five studies 26, 28, 29 utilized a waitlist control group, whereas the other two studies 33, 38 utilized a usual care control group. Three studies 26, 29, 30 were conducted among patients with back pain, one study 28 was conducted among patients with fibromyalgia, one study 33 was conducted among patients with migraines, and one study was conducted among patients with inflammatory rheumatic joint disease. 38 Four studies utilized an 8-week MBSR intervention as their active condition, 26, 29, 30, 33 while one study utilized a 10-week SR-CBT program 28 and one study utilized an 11-session VTP -Mindfulness-Based Group Intervention. 38 The self-report assessments were not consistent across studies, with three reporting improvements in disease-specific physical functioning 26, 28, 33 and two reporting improvements in general physical function. 29, 38 Of note, one study 29 utilized both general and disease-specific measures of physical functioning, and found only a significant improvement in physical functioning when measured with the SF-36 (PFS).
Ten studies did not observe significant differences in physical functioning when MST was compared to the control group. 24, 25, 27, [30] [31] [32] [34] [35] [36] [37] Examination of within-group changes revealed that patients who received MST demonstrated improvements in physical functioning from pre-to post-intervention in six studies. 25, 27, 30, [35] [36] [37] All six studies that observed within-group improvements in self-reported physical functioning tested an 8-week MBSR intervention, with three of these studies utilizing a waitlist control, 25, 27, 36 two studies utilized an active control, 30, 35 and one study 37 utilized a three-arm design that included both an active and a waitlist control. Three studies utilized the SF-36 as a general measure of physical functioning. 27, 35, 36 Three studies were conducted among patients with chronic pain, 27,30,36 two studies were conducted among patients with fibromyalgia, 25, 37 and one study was conducted among patients with chronic discomfort categorized as "functional somatic disorder". 35 Taken together, these findings show inconclusive evidence for the effects of MST on self-reported physical function.
effect of MST on performance-based measures of physical functioning
Of the two studies that utilized performance-based assessments of physical function, neither observed improvement in physical function when MST was compared to a control. 24, 29 Specifically, one study conducted among patients with fibromyalgia did not observe differences in the 6MWT among patients who completed eight sessions of MBSR + Qigong vs Education. Although Morone et al 29 observed improvements in self-reported functioning (SF-36) after eight sessions of MBSR (vs waitlist control) in patients with chronic low back pain, these results were not replicated by the SPPB. Thus, no RCTs in the current study demonstrated a significant effect of MST on performance-based measures of physical functioning.
Discussion
This systematic review summarized RCTs that tested the effects of MSTs on self-reported and performance-based measures of physical function. As evidenced by the large number of studies extracted for this review, mindfulness approaches clearly have a major presence in the research and clinical pain literature. However, we identified only 15 RCTs that assessed physical functioning. The absence of attention to physical functioning across RCTs of MSTs was surprising given the critical importance of physical functioning as a pain management outcome.
2,51,52 Indeed, IMMPACT recommendations 53 indicate that all RCTs for chronic pain should assess physical functioning, yet less than 1% of MST RCTs were eligible for inclusion in this review, suggesting inherent weaknesses in the investigations on this topic conducted to date.
Recent systematic reviews of mindfulness and chronic pain have conflicting results. As of August 5, 2018 , the most recent systematic reviews on mindfulness with chronic pain [54] [55] [56] [57] [58] 
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Jackson et al effect of MST on physical quality of life in a mixed chronic pain population, 57 one reporting time-limited subminimal clinically significant difference with low back population, 55 and one reporting a significant effect on physical healthrelated quality of life. 58 Other reviews neglected to report on physical function or summarize the results. 54, 56 More to the point of this review, as of 2018, a brief review of these five systematic reviews [54] [55] [56] [57] [58] of mindfulness interventions in chronic pain published after our original search reveals no new RCTs that include functional measures beyond that assessed by questionnaires such as the RMDQ and the Owestry Disability Questionnaire. No new studies included performance-based measures or tracking of physical activity despite the widespread use of activity trackers such as the Fitbit.
Results of the current review provide inconclusive evidence for the efficacy of MSTs for improving physical functioning. Although five studies found that MST improved physical functioning compared to waitlist control (K=3) or usual care (K=2), 10 studies did not observe significant differences in MST vs control interventions. Potential explanations for these inconsistent findings include small sample sizes and variations in assessment tools. Prior research has demonstrated that at least 30 participants are needed per group in order to generate stable estimates of change. [59] [60] [61] [62] However, sample sizes of six studies were less than 40. Likewise, there was no measure of physical function that was used consistently across studies. Even studies that assessed general physical function via the Short-Form Health Survey (K=7) did not consistently utilize the same version or subscale.
Among studies that observed significant improvement in physical functioning after MST, results indicate that patients with multiple pain conditions, including chronic back pain, fibromyalgia, migraines, and inflammatory rheumatic diseases, may benefit from MST. Additional research is needed to better understand potential moderators that could influence the efficacy of MST interventions for improving physical functioning. As noted above, studies were not consistent in their evaluations of physical functioning, and only two studies utilized performance-based measures. Additional research is needed to assess whether MSTs improve some aspects of physical functioning over others. Although a single study did not observe an effect of MST on performance during a 6MWT among patients with fibromyalgia, it is possible that the 6MWT did not capture changes in functioning which could have otherwise been observed via other measures. For example, the 6MWT may have been limited by other factors, such as participants' cardiovascular endurance or motivation to perform optimally, which would not have been targeted by an MST. It is also not clear to what extent performance on laboratory-based physical activity assessments reflect abilities to complete activities of daily living. It is possible that ongoing measures of activity in natural environments (eg, via Actigraph recordings of physical activity) may provide the best assessment of real-time changes in physical activity following MSTs. Indeed, real-time digital monitoring devices like the Fitbit also show adherence rates as high as 95% 63 and an error rate as low as 10.1%. 64 Consistent with IMPAACT recommendations, 53 future research should utilize a comprehensive assessment battery comprising general and disease-specific self-report measures as well as performance-based assessment of physical function. A recent systematic review 16 of 187 studies indicated that self-reported activity is only moderately correlated with performance-based measurement (eg, activity measured via accelerometer). Of note, only one study included in the current review administered both self-report and performance-based physical functioning assessments. In that study, MST significantly improved physical functioning as measured by the SF-36 (PFS), but not the 6MWT. Although conclusions cannot be drawn from a single study, the lack of concordance between self-report and performance-based measures should receive future attention. In a 2013 systematic review, the authors noted that false-negative diagnoses of submaximal capacities in FCEs highlight the need for multimodal assessment. 65 Argument against using certain FCEs and other performance measures in research (as well as, perhaps, clinically) can be made from results of a very recent systematic review that noted considerable variance in the psychometric properties of the different FCE systems. 66 However, a multimodal approach with validated measures in future research has a degree of potential to fully capture any effects of MSTs on physical functioning.
Conclusion
Given the inconsistent findings observed in the current review, it is possible that MSTs do not effectively target physical behavior change, 8, 67 and should be adapted to explicitly address physical functioning among patients with chronic pain. Mindfulness can be conceptualized as a primarily cognitive practice, in that it involves the purposeful control of attention to foster nonjudgmental awareness of the present moment. Patients are encouraged to use mindfulness in order to participate fully in the present moment, which may involve mindful participation in physical activities. Although MSTs teach patients to observe negative pain thoughts (eg, 
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Physical functioning, mindfulness and chronic pain "I can't move because it hurts") without acting on them, it is possible that additional skills training is necessary to further change patients' behavior after mindfully observing maladaptive pain thoughts.
Results of the current review should be interpreted in light of several limitations. Although the studies included in this review were of high quality based on established criteria for systematic reviews, 22 there were several study limitations that may not have been captured by our quality rating scale. Three of the studies that showed improvement in functioning had a relatively small sample size (n≤37) with less than 15 completers in each group. Means and standard errors were not stable with such small samples, [59] [60] [61] [62] decreasing confidence that results would be maintained in a properly powered larger study. The remaining studies used measures that may have been less accurate for assessing physical function. For example, the FIQ assesses physical functioning as part of the larger construct of quality of life, and the measure includes psychological items as well. 28 A second study used a measure of physical function (10-point Numeric Rating Scale of self-care ability) that had not been previously validated. 10 Additionally, there were only two studies that assessed performance-based measures of physical function, and neither study utilized the same measure. Thus, we are unable to draw conclusions about effects of MSTs on specific areas of functioning.
IMMPACT guidelines recommend a move toward common, validated self-reported outcome measures. As evidenced by the variety of self-report measures used for physical function in this review, the transition has been slow. The PROMIS, an initiative funded by the National Institutes of Health, has made progress toward creating common, self-report measures that can be used and compared across populations, but none of the studies included in this review used PROMIS measures. Common measures with sufficient reliability and validity of this sort may provide opportunities for comparisons across studies and ease aggregation of data to support clinical decision making.
Given the increased focus on mindfulness approaches in the management of chronic pain and the strong evidence supporting the importance of improved physical function in pain treatment, the field of mindfulness-based treatment has an opportunity to better target function and systematically measure objective performance outcomes. Findings from this study show that the effects of MSTs on physical function in chronic pain have not been thoroughly assessed and need to be evaluated in future RCTs. With improving cost-effective technology, opportunities to employ interactive measures that reinforce function and measure objective improvement are increasingly available. Future research should examine the effects of MST on self-reported and performance-based outcome measures, and studies that assess MSTs adapted to target physical functioning are also warranted. 
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